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This thttlft funmarlttt tN folloMdfi^  thf«t atptctt 
of tf» Inorganic ion oxehangoxst 
( i ) tynthtsi8» €«i!position end ion OKChango propovtiot 
of ntw inorganic ion oxeftangoire* 
( i i ) ChtKieal Stability* thoxstogravifBOtrie analyaia and 
etrtjctura of tha«a natariala. 
( i i i ) Oittribution studiat and saparationa of nwtal i ^ e . 
The firat Chaptar is a genaral introduction «>hi<^  
giva$ an axhauativa reviaw on tha work dona in 'Uia fiald 
of inorganic ion exehangare* In tha eaeond ehaptar tha 
eyntha«ia> conposition and ion axchanga propartiaa of tuto 
doubla salts n«ialy Sn(XV) and CrdZX) araanophoaphataa 
hava baan daceribad. h larga mvbmr of araanophoaphataa 
liara pracipitatad mixing tha leatals ehroniun, laad, coppar* 
cadniuDt ealeiua, cobalt, nickla, aiuniniun and nanganasa 
«rith tha solutions of aediun pheaphata and aodiuai araanata. 
Tha pH of tha solution was sat acidic or baaic with tha 
halp of mo^ or NaOK and galatineua alurry waa kapt at 
rooiB taa^ratura for 24 houra follewad by filtaration* 
Aftar washing off tha axcaaa raagant tha pracipitata waa 
driad at 40% and placed in water to crack i t in aaall 
9ramil«t« 7h« t int p«rtlel«t wtr* ir«»9««d by dteanUtion 
and th« raet wtira put in 1«C£! HBIO^  to convcirt than into 
th« H^  form. Th« natastal was f inal ly wathtd with 
dafiiinaraliitd watair to tamoy» th« axcaas acid and d^iad* 
I t trae ab«a7V«d that ewpt an{IV} and Cr{2XZ) aaarplaa 
a l l othasra wart aithaar not pjtoducad andaar ^tm eonditiona 
of praparation or waira iinatid»la i^ila traatlng with tha 
acid. Fucthar ttydioa imt% thasafoxa caada <m Sn(IV) and 
CsiUt) arsanophoaphates undar diffarant conditimia of 
pH and laixing ratios* Ihaea ealta hava not baen raportad 
aarliar aa inoirganie ion axehangaira. Tha eaieplaa wf 
pT9pn9d at pH xa»o adjuetad w i ^ HNO^ * Ti^la I suxnarixaa 
tha praparation of thraa sateplaa of Sn(ZV) and ctCSi:) 
araanophoaphataa* Saoiplta (S»l) and (S.3) mT9 aalactad 
fo» ftirthar etudiaa* Tha ehanieal eoaipoaitiona of thaaa 
iMiplaa mx9 datartsinad by tha usual proeaduxaa* On tha 
baaia of thaaa atudiaa^ i t «raa found that Sn(XV} araano* 
phoaphata and Cir(ZII) a»aanophoaphata hava tha canpoaition 
at l , 7« l t l and 2 t l t l raapactivaly. Ihay ahowad tha cation 
axeh«iga propartiaa havlnf tha Na* ion axehansa eapaeity 
aa 1.7 and 0.75 naq/dry qm raapaetivaly. Tha ion axohanga 
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diff«7«nt stttal Ions at wp9wi»d in T«bl» XU TiibU III 
gtnaaariitt th« •£fact of <Sirying tanparatitjra on tha ion 
•xchaiiQa eapaeitjr of ^ata aalta* Tha othar pxopavtiaa 
atudiaa of thaaa ion oxchanga matarials t«are tha pH 
titxatlonat concantrationa and altitlen curvaa* Thalv 
natiUM »ara datazmtnad on tha basis of x»Ray* and X*a. 
atudiaa* tha idantlfleatlon of alaisanta praeant in tliasa 
talta tmn also dona ^ith tha halp of X*Ray tnieroprebo 
analysia* 
Chaptar •2IX of tha l^asia susimaxisaa tha isoat 
ii^ovtant aapact of Inorganle ion oxehangars i.a. ehanieal 
stability. Tha following prooadusa was adopted for this 
puvpoaa !• 
5G0 aigva of tha Ion axchange material were placed 
at rooa tanparatura in 2& al «ach of the different 
eancantrationa of oiinaral aci«ds and NaOH for 24 hours, 
intaxmittantly ahaking tha tolutiona to attain tha 
aguilibxiuak Tha aupavnatant liquid was dacantad and 
analyaad «aanUUtivaly fav Sn(IV), Cir(lXZ), Aa(V) and 
POj— by tha atandard photOMtrie aiathada. Tha raatilta 
ara suiMiarisad in Ublaa XV and V. Tha atructyxaa of thaaa 
Matariala ivara alao auggaatad tantativaly baaad on tha 
Td^l« • II • 2ofi Bxehangt Capacity of SnCW) and 
Cr(IIX) artanophoaphataa* 
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ehtnieal analysis and suppltMenttd by tha thasaiogravi* 
Mtrle analysis. Tt»y art (SBf52> »^(HgAsO )^3.<H^O )^g*n«20 
and Cr^ Og. H^ AtO^ , ^ ^ V " ^ ^ '** C^ ndV) and C t^XXl) 
acsanophosphatas rttpaetivaly. 
Chaptar l^V, whieh is also tha laat ehap^v of tha 
thasis, givas m aecafunt of the distribution sttidias of 
diffarant siatal ions on thasa two inorganic ion axchangara* 
Ttiaso studios wasa ciada using tha normal psoeadtixaa for 
16 raatal ions such as Na*, K*, ^2^*» ^^*^ ^^* ^®** 
Hg^*, 2n^. ah*» Ca^, Sr^*, Co^*. Mn^ *, In®*, Y^, and 
1I>^ *, Ma*' and K* wara datarsdnad by flanaphotonatry tihila 
UOj^ »»s dataxffiinad spaetrophotoieatrically uaing hydrogan 
paroxida nathod. Th^ * tad Zt** wara datarsinad by miA 
titration, tha fC^  valuas of tha rast of tha aiatala i»ara 
Qbtainad by using thalr radioaetivo traeara. Iha foraula 
usad for tha datartnination of Kd valua waat 
K^ tara I is tha initial concantratien of tha ion in solution* 
P is tha final coneantration of tha ion in solution* V is 
tha voluna of tha aolutions and A is tha waight of tha 
ion axchangar. 
iO 
On th« basis of the distribution studios SOSM 
iflipoytsnt binary sopsrotions of notsl ions tiszo aehiovod 
on tht coluians of thoso two inorgaiiie ion oxehangors, 
thus illustrating thsir util ity. Itioso soparations aro 
shotm in Tabla*VI» 
Til>l« • yii S»pwr>tlont »chi«v»d on SfttW) and Cg(lll) 
11 
M*tftl lout Exehtngt; 
•tptjratotf ut«d Eluofit end fluted ions 
m^*m Ctt^* Cn • Ai - P 
tft* - K* Sn - A© • P 
Vo|*- t h ^ Cn * A»» p 
UO?*. Zi*** J^ n . Aft . P 
H9^** A9* Sn • A» • P 
H0^*. Zn^* Sn • As • P 
Sr**» Ct* Sn • A6 • P 
Ctt^*- P » ^ PO'*^  Cr • Ai «. P 
Ni^*. r » ^ c» . A« . p 
Nl^*» Cf^* Cr • Ai - P 
H9**» A9* Cr • At • P 
Nt* . K* Cr - At • P 
2* 
ttattr f n i 
in {^03! Ctt 
1 0 ' % HClO^i K* 
m HNO3I Th^* 
i t 
.4+ AM ftlOgi Zr 
Wf^ OH ( l l i ) i A9* 
^•? 2* 
24 
lO'^K HClO f^ Hg 
9M NH^ fr8>3 I 2n 
W ^ HClO l^ Sr** 
l?«ttr I C l l^ 
Wtttr I N l ^ 
m HNO3I Ft®* 
wattr f Nl^* 
W WI03I Co^* 
NH4nK ( i a ) t A«^ 
iO-^M HCIO4I » • • 
lC"Hl HCIOI4I K"^  
^ -^^y, mmm 
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roiJ» of tht ie®y cofitrlbutlons in 
tfc« field of chroaatagraphy. 
di@cttllanemi8 PolybasSc acid salts 
posmeBim i<»> sxeh^fife proportie®. 
Various c o s t a l licie phatoe of 
2:irconiu8i phosphate ion exchanger* 
Prepairstiofi of Co(IV) and CrClII) 
Artenophosphatea* 
Ceepogitlon of CnClV) Artefiophoaphata© S'^  
Dassple iVmX) 
Can^aitiem of Cir(Ill|Arsenophosphat®e s6 
Sample (S«»3) 
Ion Exchange capocity of nadv) and 58 
Cr(III) Areenophosphatea. 
Thexaial S t ^ l l i t y of Fn{iv) and CrClII) 5^ 
Axeenophotphatee* 
Slnary SepaiMtions of nwtal iona on 
5ntiv5 and trdllJjirsenophoaphatea, 
Difsoliitiefi of ^nUv) and Gr(lll) 
.\raenephoaphatea in mm solutiona of 
dif feirent eoneentrati<Mia. 
Cheaieal stability of Sn(IV) Arteno* 
phosphates. 










Tabl© • KV. 
Table • KVI. 
K4 ¥dltt«t ttf mux loftft on Sfi(lV) 
end Cr(IIX) Arstni^etph«t«t at i^ wa 
^ vsltttt • ! !!•* a K* Ifi wattjp ®nd 
diff«7«nt c(me«ntr8tions of M^ lOg* 
fClO^, HCl an4 H^ EO^ * 
r»pMPstlons echievtd on Cniiv) and 
CrdXl) Arsonophosphatoe basad tm 
r^ valuaa. 
Saparations of tmt»l iona achtavad 









FlguM • U 
Pigurt • 7. 
Fi9ur«a*l3»lS, 
Cenctntiratton Corv»e of roClV) 40 
end cr(2IX) Ar®dfiophosphat*i 
eluUofi Cusv»s for Gn( IVj and 44 
I,a,Sf>«ctc8 of Set IV) ArstnOi* i;"^ ;, 
l^ c»8ph®t» diri9d at diff«x«nt 
tei8p«fati}»«9« 
1. a. J?p«ct»© of CfClIJ;) Arseno- ^5 
lihoQp1i6t« d«t«d at dlff«r«itt 
t«0ip«raty7t8« 
t^n* Sptetra of th# sr«flux«d sae^t* /^^ 
of £n(lV) A]rfi«n9photphat« (Cj^ l^) 
X»rsy Mlcroprobt analysis for tht lid 
idftfittfi««tiofi of tlM •lAstnta in 
Sn(lV) A3rs«nophosph«ttt (G«.l)» 
X<»ray Mleroprolit analyeia for tht 47 
idantif ieation of tlio olonantt 
pv«t«At in C«(ni) Affsttnophotphtttt* 
rm Photographs of Sn(l\r) Ars«nophos« 
phato (S»i) at difforant otagnifieatiana 
SSM photographs of CrdIX} /^ j^rsano* 
Phoaphata (S»3} at difftrtnt 
aw^nlfieatlona* 
• 16* 
Figuapt • 17, 







Flgur* - p?.. 
Plgur* • t^ 3. 
Fi9uv« • ?4, 
Fi^UM • ^ » 
pH^tltratitti curv* foY Sn(lV) 5 ^ 
ArminophMphstt Vtiitg 4^fOH ^^ •Ct 
^ titration curv«t for CvClXX) 5*5 
Arc«noph98ph8td ysing {?ao!l»fl^ l 
eixttir** 
^B^titvBtiofi cmrves for th« r«flttx«<S 
plVtltpatlofi eurv»8 for £n(IV)8y»«iio-
li^ ^^tlti'attofi etirv9s forCr(in) 
Ar3«nophosphat9 using H^«K)Cl mixturo* 
pH»tlt7atl0fi curvet for tho rofluxod 
smplt of rn(W} arttnophosphatt 
Cr^ *!} oaifi9 fCOtkiOCl aixturo* 
r^Wtitratiofi ettrvaa for 5^ fi{XV} tnA 
(r(III) riTsonophotphatat Wslag 
(L10H*l.iCl) an titrant. 
pH.titration «urv9s for Sn{2V) end (^i 
C4r(IXl)Ar«anophoaphataa Using (NaOf* 
Haci) a® titrant, 
pH» titration eurvaa for 6n(IV) smA 6*^  
Cr{2XI) Araan^hoaphataa ualng (KOIW 
KCl) at titrant* 
pH*titration eurnot for M i v ) and <i5 
CrdXXlArsane^hetphataa uaing (»IH4<K«» 


















Ta\ Curv»8 f03t f^fidV) and Cr( l l2) 
A plot of log r*4 Vs - log [^HT^Og] on 
Sn(ltr) ®nd Cx( III )Ar«tAophdsphato®« 
A plot of log f:^  ^s-logj" f^ rt'^ l^ on 
fndv) end Cr( J2l)\jpe«n^hosph«t««. 
A plot of log ^ Vs»lof [lIClj on 
VniiM) ond C»(212) Areonophosi^dtte* 
effect of mn^ cone on f:^  valuts of 
ab* and Ca* tm Cn( IV)Ai's«nophosph9t#s. 
toparetlcn of Uirsniuia frcMBs Zlrconiya 
on on(lV) Arsdnophosphato* 
^operation of Ur®niy« fro» ItioriuK 
on nn(tV) Ars9nophoa{^»tt. 
roparatlon of Sodlyn ffoe Potastiue 
on tn(lv) Arsanephosphatt* 
n«p«]ratlon of sodluia fton Potaaalun 
on Cjrdll) AjTtono^oaphatt* 
Sapavatlon of Hg^* fro» Ag* on f^dv) 
AvaonepHoaphatt. 
Sapaxation of Hg^ * frou 2n^* on **n( IV) 
Aaraanopheaptiata. 
Sapafatlon of "r^* fro« Ca* on fn{ IV) 
Araanophosphata. 
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Analytical choi^stry is one of the fsetest ^ovdng 
fields In the area of cheisieal technology* The aetual use 
of s partiettlair eilbtt^noe depende larfely on i te cheniesl 
6n®ly&ie« Prior to e chesiical analytie, teperetion of 
different constituents in e 0tven eaeple Is of the f»riiaary 
concern for an enelyticel cheiaiet* the nethede generally 
used for the separations include distillation, extraction« 
precipitation* crystallisation, dialysist diffusion etc. 
Ho^trer, chromatography, ion exchange and electrophoresis 
are the modern and siest versatile analytical techni^iues for 
the purpose* rhromato^rephy is a sepsration aiethod in ivhieh 
a mixture is applied in a nsrro» Initial tone to a stationary, 
porous sorhent, and coi^onents are caused to undergo 
differential sdgration hy the flow of the fiMbile phase, a 
liquid or a gas* The hiatory of chrooiategraphy is outlined 
by the chronological listing of sosie of the key contrllbutions 
as shosm in Table vX« 
Talbl« <• l« B9m& of th« k«y eontvibutiens tn th« f i«ld of 
chiromatograpihy* 






t}ay and thois|»ttm 








Holmat and Adaiit 
Raeofniitd tH» ph«noiMnon 
of oxchang* in aoils* 
ntudi«d capillary enslysic 
Oil papar« 
Iili>9tratad th« rfiiv»vai«» 
bil ity and etolehl^try 
0f ion axchan^ in AU 
eilicata f»in##alt* 
Flrat racordtd column 
aopairationi tiibot of kaolin 
Ufod for taparatlon of PaCl^  
f roa Ctt^ .• 
Invtntad ehroiBatoora^y with 
uso of puro aolvant to 
dovolop ttw chroMatoprani 
davitod nottanelaturo* tttod 
atlld adsorbonta to roaolvo 
chl<»'Oplaat plgaanta. 
ttsad activated llaa, aliMilna 
and Magna al a adaM!^ «nta« 
*^thaalitd aynthatlo organic 
Ion oxchanga rtalna* 
mmmmmmmmttmmimmmimtmmmim 









IssQ i^lov ®nd 
r^ chraitioir 
Tisoliut 








Introdueod tho liciMid or 
flowing chroaatosrast tlitis 
extandln9 atsplScetion of 
ehiroisatography to eoloos'loaa 
substancaa. 
Diactiaaad tlw ue« of a thin 
layar of unbound alumina 
^vead on a 9la@a plata 
Firat uia of oiroulax papax 
ehronsatogvapliy* 
Davisad frontal analyaia and 
mathod of diaplaoasant daval^w 
fsant. 
Xntroduead eoliium partition 
ohroMito^af^y. 
First daaeribad papar 
partition chraaiatography • 
Ion aMOhanga chroaiatography 
appliad to varioua analytical 
prablana* 
Appliad p9p«w ehroKatography 
to inorganic caaipaunda. 








f>ob«r end Peterson 
Lathe and (luthirafi 
Por^th and Plod la 
S^C»mQif 
Introdueod thin layw 
ehafoioato^aphy @6 i t &• 
practiced today* 
S^valopad Qat Chtoeatography. 
Prtpared firat ion axchangt 
eolluloaas* 
Umd natural and modiflad 
atareh isolacular aievaa for 
siolacttlar «Might astimation* 
Introduead erota^linkad 
deKtran for molaciilar aiaving. 
0#l par«aation efirciiatography 
davelopad as a practical 
iBathod. 
li(|iit4 ehroiBatdgyaphy iic) and gas ehromatoaraphy (GC}» In 
th« foitmv a liquid c@»ri«« tht dissolved 60lut«» through 
tht socb«fit vAiieh can b@ cotuisfi, pap«« or thin lay«r« tn tht 
Isttar an intrt gas (carrier get) carries tt^ gaseous mixttire 
through tt^ sorption eoluiBfi* oithin each of these sajor 
divisions sul)divisione based on the stationary phase are 
designated. Thus gas solid chromatography (SSC) involves a 
coluRsn packed with an adsozl»entf and gas li(|uid chroiastography 
(Q^) involves a solid coated with a stationary l i ^ i d as 
the sorbent. liquid ehronta^graphy in columns can be liquid* 
solid chroiBatography (tSC) or tiquid«liquid (Partition) 
chromatography (tLC)* If the solid stationary phase is an 
sdsorbentt the process is called liquid ads^^ption ohroirato* 
graphy* If i t i s en ion exchange material, either organic 
or inorganic* i t is tensed ion exchange chronategrsphy (I3C). 
If i t is non*>ionic polyiseric gel (e«g»polystyrene or sephadex) 
the tens gel perfieation chrosatography (GPC}» gel filtration 
chresistography or aioleculer exclusion chronstography is used. 
Other subdivisions of non-colustn liquid chroaatography are 
paper chresategraphy (PC) and thin layer chrosiatography (TtC). 
The Best aiodem analytical technique i s tersMid as Hi4h Precision 
c ' 
liquid ^hroKStography (I#LC). 
Ion exchange ehroMtegraphy has becoMe one of the aiost 
iaportant snslytical techniques ^ese days* Rapid and accurate 
6 
dvttrffiinatlofi of eonttitiitnts m €cmte»tn0fit« ef alloys 
of cGB^lic»ti$d coffiposltiofif phamasaceutloet biel09ic»l 
mibstaneee and fission pso&aQte of radioectiv* elAiseAts 
hae heame possible idth ion oxehangers* Th« ion oxehangd 
p t^hod I® ©i^l© end tt^refore readily eccessiblt to the 
|)9ectiein9 analyst* As ion exchangara ara w^tBW ineolubla 
eubatencast thay can ba usad advanta^aoaaly for ehonfing 
the ion cospoaition of aolutions ^?ithout introdu«inf 
fu:rther undeaiirabla ion© m eiibatancea* They fmem a 
Ge^ orata phase and can thorefo^a be easily aepaveted fwtm 
eolution, Theiv use ^ovided soientlsts new isethod t^ieh 
led to the eolution of previously insoluble problesta. the 
ion exchsngef c^ ade posaible tl^ iaolatiofi of prcesetheus)* 
and the analytical end ^chnologieel septvation of rare« 
earths* In general «» can say that whichever pair of 
elemanta one chooaes from the periodic system (except the 
inert gaaes) they can be separated using ion exehan^r. 
Classical aiathods of analysis such as precipitation* 
filtration ete^Involve long and conplieated separaticm 
operationa* But using ion exchangers aeparatiens can be 
carried out « t^h a smaller aaenint of the ai^ tple witliin a 
shorter time and the con t^onents can be subae<iuently determined 
uaing rapid instrumental or titriotetric methods. 
Ion •xchang* oroe^se is not of r«e«nt orifin. 
Al^ eedy in the aioet enei«nt lit«r@tur« jn>f«irenc«8 otn b« 
f'wind to tlw> desciriptiwB of ion exchsngo process*** ISos©» 
«?rot« thst tn th# tima of wBm!«:rl«9s hie pe<^lo esecte 
dtinkf^le tfe© ondrAfifetbl* foittor crater by using plecoe of 
c^ od* Arietotlo^ &u3fj»et«d filtration through certain 
typec of soil for the ia^ voxnvssent of soa i^ter* Then* 
processes %wre hot.*evdr eitodied geientifieally only in ^e 
osiddle of the lact century ^hen different toils tier® 
inveetigated* Thoe^ son^ uM Qsy^  o!>$erved that l^e coLciuo^ 
tae^nieius ione of certain typea of eoil could b9 eicchenged 
for potessiuBt @nd afctsoRium ions, tcttt Oliehtnrn 6h«ia«d 
thet the ion exchange properties of eolide arise from 
seolitet. The firat synthetic aluminiufs silicate based 
ion SMChanger iwas made by Haress and Rue^ler in 1903. In 
the field of industrial promotion and technical applications 
Of ion exchangers Gans did the pioneer 'vorle. The first 
industrial product applicable for technical purposes was 
sodiuK periRitite «^ich «»a& produced by fusing a mixture of 
clsy Minerals and alkalies. Folin and aell^ aade ^le first 
application of a synthetic seelite for the collection and 
separation of anmenia from urine. Thus the esrly ion 
exchangers were largely inorganic in nature. Uter on. 
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organle rtelns vmv9 il»v»t(n>o^ n^d uroa ext«nstv*ly 
&«CGUt« of the is 3P«|>7oducible behaviouir end ttability 
in th« c?id« rang© of pr2, Oadieleoti ea® the pi3ft««p 
io the fi«ld of anolytie&l applications of syntiittio 
r0©4n»bs£ed ion exchangtrc* tlia first cofrimnicaticKi on 
this 6UbJ«6t w9t {mblishsd* in i939. lh« first 
polymtrieetion typt ion »aceh®ng«r t^ aa produced by 
t^**Alelio in 1945 end th© firet ion oxchenQO E»o6ran»© 
v^ve proceed by Juda @nd £!e B@e« Or9anie rosins U&m 
high Dochanical and ehtsiieal ettbility. HoiMvor thty 
d«cos^s« at olovatod tef|>ordturoe end undor the presoneo 
of strong rsdiatione* Xt vms duo to thie reason that ^« 
intarost in tho inor^nie ion anchango matarial® »aa 
ravivod. During tht past ?0 yaare tha atudiaa on aynthatio 
inorganic ion axehangara h@va b@an axtansivaly eiada* 
^h.Ktm9 and his raaaarch^^*^^ group at Oak aidga national 
taborjitory and ca.AiRphlatt^*^ in tha unitad ^ngdoin did 
tha axcallant i«ork on thaaa natariala at tha initial ataga* 
IIJ laerfiald^''*^® and G.Albarti*^'^ hava alao dona aoaia 
vary good ^mvk on difforent aapacta of aynthatic inorganic 
ion axehangara* In India» i^* Quraahi end hia raaaarch 
groupa hava praparad a larga nunbar of auch inorganic 
9 
aat«rt«lfi mi etuditd ttwiir Ion txehano* t»«h«vlouv cturing ^ -
last 15 y«a«8, Oth«r groups shich sr* anga t^d in ^ l e 
field of »osa®J?ch aw! «^os« JSOTIE i s of ©ignlficent intartst 
&W9 of S^ ritTsndon at Hoorkett ©nd of A,K.O0 at 8h®fitlritk«t®iw 
'Ao mth» th©G« iaat»i?ial3 havs becoje© th© ^ 1^1 eetstsllsbed"" 
ion exchengvf 8 snd er© frecjuetitly being uE«dl in th© 
folli^dng fietdet 
(1) Removal of ^ter end air pollution 
<ii5 fopGiratlon of cjotel iont» 
Ciil) Sdpdaration of (^ganie ^bstaneeet 
(ivl ?i?©oarQtion of^  8«tificial kidney acchinot, 
Cv) t>f©paratlon of ion e«l©ctivo electrodes, 
(vi) 9rei>«ration of ftiol c«ll«. 
n^thotic inorgnnic ion oxchangor® m&y bo calssifiod 
in tho folloi^ing 4 esttgoritt* 
( i ) Polybasic acid taltt. 
(11) Hotsropoly «cld salts* 
( i l l ) Hydrous OKldss. 
Civ) !%tsl fsxrecysnidos* 
Tht sistsrials of tht first osttgory &r9 produced by 
nixing ths hydroxidss of ths awtals belonging to IV»V & V2 
groups of ths psriodle tsbls. Thoy «rs sxtrstMly Insolubls. 
10 
Tht&ir coee^sitiofi is nofV»®tolchlea*trie and d«p«Rtft on 
th« coadltlone undtir mhi^h thty 8»« prtelpltated* Tht 
rcatwrlele «rhich heve co f©ff b«6n synthecit«d ificlude ^^ 
phoephat»8» ereon0t«f» (EOlybdates* tung8tat»6»©ntiiBonet88» 
ciliGel»$,i V3fiada1»8 end teilyretes of eSrconiusiftitanluoit 
thoritits* tSot ceriucs* ch?ar!}lufB« iron« nidE>iu!Q» taotaliiei 
etc# Te!>l«*ll gwisttPrlE®© th^ miceeltaneoue polybaelc 
ecld eolts possessing Ion exehang* r»ro;:>«rtl©o» ©neept 
eireonttm phosphate tithieh n^ dde eopsrata diseusolon 














f !sAr • ? 
Aisoirphoiio g©l with 
highly spscifie for Cs* end 0:r^ * 
arClljT© 0^).4J'I^0, only on« proton 
^xchangty, 
ftigh c@paeityy9oad stability 
Gal with c A i • JU2 
G«f>aj?«tlon§ of C«^ '*^ fro!B Si? *^j 
and Al®* from 2n^ 8chl«v»d on 
COlllfltfl* 
Gol 5?tth ^ A i • 1,2, not 
vory stiblo. 
Ti/So»l at pH-1, «p«eifi6 for 
tho stparation of cu^*fro» Ni^* 




























1. O&l u l th f b A i * 1»1.?» low 
capaoityt eelect ivl ty for ? l 
cetions dtttrelned. 
of Oi^^ftm r i i^* arsa tng"^ fffoai tli?^ 
A fia^ oarystallifui phete t?lth a 43 
UAm «• 1 44 
41 
thAi - 2 ot p^ 3 1 to 9 
1. /.ffiorphmis a®I ^^ £^/aa - 0,5 
?>• C f l / ^ • 3 , specific fojp tJMi 
s«pa«®ti<m of C» fro® Pr^* snd 
ABorphoot g©l i f i ^ P/Cn • »/4 
post«d«»t good i^i •itchango 
eap«cityw 
fimorphott® (3«1 . 1th '-/^n • 1/3 
good s tab i l i t y in acids* low 
ioft ttxchaogo capacity. 



















C!«paratloii ©f Cu*' from Sn^* 
end C4 tchl«v»cS# 
«?• 
Cp^cifle for the s^ peiratiCNi 
of m^* ^»oa a f i ^ ©fid C<S *^. 
S«p©rati®ti of th^* fipiMB y 
aehi«vtd. 
a»i&plle@t«(l enclitnge t»oh3vlou3r, 
riailair to C»C?. 
rynth*sit«d «t pM Cw.9»excell«nt 
thereial end cheffileel t t ^ l l i t y . 
T«/Sb • i,3# reprodti6il»l« 
behaviour* e©p©ffetlofi of WY^^^Ptr^ 
o^talnod* 
Btpairation of Kfl^ * fro« A l ^ and 
MH^ *, Oa^ * from Al^*. and Hg^^Um 
Cd^ * achitvtd. 
Roprodueibillty* thoraal atabllSty 











liRffirlf»ftt f»?,^yti afifffifit»a 
l« r«i!dc£y6tsllin» product «lth 
high chtfsteal QtebU£ty»pr«parttf, 
2* ?ot»ntimi9tfit loo oxehdiig^ 
titrations p»rfors@d for ti^ systems 
ll*Ai*, Ka*> *^, K*/H^  and !v'H^ */H* 
63 
64 
S i^rtoniuss phosphste i s the aott extensively 6tiidi«ii ICMI 
9xehGn0«r of this eat»9ory* It has h&mt knmm for over a hundrod 
yoaris ? Bwt i t s uso e« «n ion oxehen^or l i of r«th«r e recent 
origin?^ It is highly aoldctivd for eoeiuei* Moro rocently i t hea 
found potontiel epplieation in cany oth«r sroae tuoh as hydrogon* 
oxyg«n l^ol eetl«» desalination and artificial kidnoy esachinat. 
It has bean fortnad both ds amorphoua and cryatalline compounda. 
Asoi^ hous gel6 or gala of lo^ oryatallanity s*ara uaad in tha 
initial ion axchanga atudlea* Hasting alurrioi of ZrP gala in 
strong phosphoric eclda rasulta In tha formation of cryatallina 
phoaphata, rirconiuai bia(ffionohydrogan ortho phosphate Itsonohydrata, 
Zr(Hi*0^ )g»M20*^ »*®» Since this diaeovery a variety of cryatalline 
phaaea haa been prepared. Thace are Hated in Teble«>IXI«together 
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Zii h«^ropolyaeld salts the psr«nt seide belong to 
the cl0Gc of i?*h«t©roj>olycctd6 having the ^tissval foveuls 
IfgKV^ g'^ Q^* Bif^ O ^ ahsro K eay b« ono of tlio etvvrQl ®leffi«fit« 
-Inclydifif phoeohovouci, ascealcs ersd clllcon# and Y s 
diffosent «lef£@fit such ae tsol^ dtrntOa timge^ii end vsnsdium. 
Th© t^tci^poly emmvt^fidB 66p0<5tally thoro of l?-aolvbdo 
ci»:^ »yiid6 @]r« iqMito 6^ roti9 oxtdieino events. Buohwald and 
Thiotlociaits ftrst recognlsod that th« eddltlon of foroign 
iofis into tho @f»9fiiiiii o l^ybdiphOG^heto otru«ti»]ro during 
prtcipitotion OGcurdd by 0 i:>ot«fiti&lly ysolUl oatlon^oxchangt 
proetsi, Ihoy dtstmistratad tho 3or{>tion of e!ee?Oi><^antltift« 
of It^ 't Rb'*^ » ce* and tl*^  by csKonla® cool^ ^ophoopb&to fxom 
Qcidie nitiret* ntdis ®t rowa t9a^ >«]f@tur«« l^ ndos eicoilar 
conditions lithluca* eodl«B« c®lciuBi» strontium end bsviue 
srs soxbed otily slightly* ^^ eh of the »ib8e<uent invest!* 
gstiens of the ion»exehsnge properties of those sslts hsve 
been csrrled out In the laboratories of Van B.?»it, !^ ol>b» 
snd Jacobs «nd their co^ ^^ rkers® *^®® at Pretoria end Krttl 
ind his cOf^ tsorkers st Prague?^®^ 
tlie hydrmie oxides heve also been ^tm well est^lished 
Materials for ion exchange purposes* Freshly precipiteted 
trivalent sietal oxides ere effective in this respset. For 
IV 
9X8iiiplt« hyiSifoat ftrric oxldt end f«rrie hyairoxl^ v««dily 
cbsorb elkfilln* «erth cations accoi^ ding to the Xjm of etase 
«3ctlon* otti#t bivalent cstlon® being ^©oibed ebovt 
p:^ 7« In this proeestt the alkali aietale eml alkoline 
esarthe are @bsoxt>ed on the curfsca end ere reedily @lutsd» 
t^ h^ile mosse highly charged catione Ce(XXX)» y{l!2)» PatXXX}* 
Eu(XV) Qre oorbed in bulk end elyted only with difficulty; 
Amphoteric oxidee such m hydroue alumina nay «l>&ocb 
©ither cetione or enione de|»@nding upon the ^ of the 
solution and thie h&t been s&cribed to the follosiring 
ocmilibrier* 
Zine oxide also eho^ re amphoterle exchange proper tie eJ'' 
Freshly precipitated eoanganete dioxi(^ ehotsre the ecevengtng 
properties tewerds fission products in eolutien?^ ?^ *ed 
oxidee cen be prepared in t^ hlch second cstii»i of higher 
cherge then the parent cation is introduced into the 
structurei, the resulting net positive charge being balanced 
by the presence of anion ether than oxides and hydroxides* 
Hxaa l^es of such aiaterials Include EnCaH)^  in which Zt?* ie 
partly replaced by Al^, »nA h\{m)^ containing Si**» Ti**» 
or Xr*! the general fornila being '•'»i,ftAl,|(t^02>^ *«d 
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Al, ^ MI^ COHJ^X ,^ ^Amt% H** i% « l»tr«iral»nt cation and X 
« f80fioval*nt Anion. Qujlrival«nt timtal oiiidtt ar« alto 
Oi»!8B<H)ly U8«<l B& inoTgsnic ion «xeh«n9ars $ueh 8» BiO^t 
fJiOgt TiO^ » ThO« and i^^ t^ o* ^^ ^^ ^^ Y^ that* nftt^riela do 
tmt ^98soe» eiaple oxido fomsilQ «t givon abovft* Unlote 
thoy d£« ignit«d @t high t«epor«turo« thoy ar« found to 
contain varying amounts of ttatov «hieh is not proeont aa 
^ator of hydxation stneo on hoating i t i« loat oontinuoissiy 
ovor 8 rango of taoporatinras. Consaqiuantly thaao oxidoa ato 
u^ally doscr^ad as hydroye oxidoa. 
tha in^ganio ion axehangosa of 4th cattgory a^ a the 
insolubla n^tal farrooyanida^. Thay ara aasiiy px^ apairad and 
hava high ion axchanga capacity. Thay ara wall tcno«n aa 
eeavangava for tha alkali aiatala* Thay ara usaful in tha 
aaparation of radioactiva waataa and fiasional>la etatariala * 
cdth laaa danaga by radiation than thair organic countar 
parta. Farrpeyanida aiolylidata WBS atudiad by Baatalay at* al. 
t ^ gavf strucbiraa by X»Ray etudiaa. Thay alao uaad^ 
tRolybdamta and tungatan farrocyanidaa for tha aaparatioo of 
Ca»i37 and Sr«>90 fro» fiasion produeta in acidic aiaditm. 
tha ion axchanga propartiaa of larga nuatoar of inaolubla 
farrocyanidaa of varioua natala auch aa ailvar* tin«*cadaiiuia, 
coppar« nickla, cobalt, load, aiangnaaa* iron(li2)«titanittai« 
xirconiuMf vanaditta, Molybdanit»« tungatan yraniua^ tindX}* 
I d 
tiftv* l>«9R «tit<ll«4» th« rocent tvond tiae feeofi in th« study 
of tti« ion «Kehang« propsirtitft of f«]rrocy@fiide6 @d«osb«d on 
siUea g.l><» <» »»t» ba3d..'°l m y hav be«. c.p<»t.d . . 
having hi^h stibtlity in aeide ond elkeliee end high«i? 
selectivity f«F ©Ifeeii ©atalo* ©specially CG-137» then ^m 
eif&ple Q@lt&« tmirm b&e@d inetal f«s>)r(»eyenid«fi haim al«o 
seceivtd etttntion* they t^re fhiBt introdac«d by Hahn @nd 
Ct6in« 's^ pref>»r«d a e^@lt ©nine ferrooyftnide^tetei^ ©n 
aft{ll)^ ®^ond SnCJV)^ ^ emin© feriwiyanid©© hevo else b@Qn 
p3rQ|»@red In these Itboratoriee* 
ft in deer fram above thet inorganic ion exchsngers 
have becoe» & t^ -ell eeteblished cnalyticel tsol for ^e 
seperatitsm of fiietel iono. They heve also been ^eoessfally 
tieed fnr the separation of offenie subetancee like einino 
acide, end olHeloidee* However these eeteteriele mffe* 
ft<m the follo^io9 drs^aclte* 
U they ere^in general»reective to the ecidt and baeet 
b«caii«e of their inorganie nature and thus have lo» chenicel 
stability* 
a* they lack in reproducibility of behaviour* fooie tisea 
the aanplee pfpsx^d in different batehee under the aaa« 
experiaiental conditions ahonif different propertiee* 
20 
3» Ion «xehtna» nsttrialtf tptcifie for any on* ottal 
ion* ar« not4M*«li kfiomi* 
4« Anion «xchaftg« etudtts on th^ao aattri«le er* 
coi^airatively f«m 
With th«a9 point* In viaw th* 8yntl)««iit of n»« 
inorganic ion encbange mattrielo ie «t i i l of import«n6«» 
in ordtr t» oltttin a eh«»ie®lty istabt® and t»p£odtieil»l« 
@at«riel. This theeit Ruieerisos tho synthdsis end Ion 
oxeheft0o proptrtiee of t^o inoi^tnie raatoriaist ntiselyy 
?:n{lV) MiA Cr(lII) ars«nofi)io»ph9t0e* Thtiy »tru€tiif*6 
have b»#n ttntetivoly propotod on tho bstie of 1 ^ «nd 
eh«tiie«l coMpotition* Soiet ia|>0]rtant sapacations of natal 
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rynth«Gli of Iftorganie iidttrlels pops«Eslng ion 
eKchen9« piro|>«rti*6 hds rteoiv«d tnieh attontion In r9C«nt 
years. Th*y hav* bfton found uetful in th« m»dteinal field, 
ElrG<»iiilB phOEphatte ©r« ue«d es eovbdnts (•xchangars) 
for !IH^  removal in porteble renal dialy0is unit&» in 
sdditioi} to their uae in the separation of zsetal ions* 
Generally ^els of these materials do not eho^ r reproducible 
characterieticet as their behaviour depends upon the 
conditions of agein9 end erystallinity* Phosphates and 
arsenates of tin ahot» sppreci^ly high ehestieal and thermal 
stability* '^ ^ rinee the laixed salts to found to shocr ion 
exchange properties different to the simple saltst i t i s 
ieiportant to observe ^e properties of the double salta 
produced by mixing phosphates and arsenates of different 
sietalt* This thspter desls with the synthesis* eosiposition 
snd ion exchsnge properties of tevo such nsterisls^ n«»ely» 
rtniSV) and Crdll) arsenophosphates* 
r\ r t 
n»«agi^^i rtannic ehl«rid« U6«d In ^•e» 6tudt«« wat • 
Pollfth i>ro(ttiet (J?,r>»H,r»olekl« Odetrintki Ch««t«in« <^Uwlc«)» 
All oth«]r rtsgtnts @fid eti««icet6 iir8r« eittits tx^m BtD«H« 
(England) oy of Anala* 9r«d«. 
Af»P0gftfeist. An miCCVisodftl Ll»i0 pH mottr was us«d foir 
pH«fStts«ir*iB»nts« 2.B» 6tudi*t ^ r « »ad« on e Pttfkio it@0ir 
621 Qratiog lnf»a Rod l»p»ctr(H»hotoi!HiUr tshllo tho awichenicel 
^hakoir ueod ttas from ^ o Solontronle Instxuisents tlndis), 
Tht x-roy Unit »»«8 a (lonorol aioctrle KED6 BlffiracUon Unit. 
f^irffRfyftlftH fff r t fatnt l^Aiaiimi* Declaoler ©olutlORi of 
nltxntot of ehroRluiB, l«fid« coppor* cadisitim, calclu»»CQb6lt» 
nlekt l , aluninluiR and asnganoto «voxo proparod In d l t t l l lod 
wator, Stannic ehlorldo* aodltMi tyngatotat t>arli»i chlorldt, 
todlna araanate and triaodiuai-orthovphoaphata wtra alao 
dlaaolvad in dlatl l lad «a1»r to prapara thalY 0, in aolutlona* 
tb pirapara 0, III soliitiona of aumonluai i!iolyl»dato and vanaditw 
pantoxida, tha «a<iitirad aiaoitnts ^va diaaolvtd in diltita 
M^H aolutloft ^» convart tham Into tha aodlim aalta and 
diliftad to tha aiarlc with d i t t i l l ad watar* 
F;apfft»rtllfln %i X^MVMvm Wt ty l f l t» ^ nu«bar of aaaplaa 
of artanoohotohataa wora piopaxad idth diffaront aMtala aueh 
"i 1 
atrHiii). c(vi), mn)^ aio(vf), cndv), Pb(n), B»(n), 
M C^ii)^  cu(n). cd(ii), c»(n), zndi), co(2x)» Aitna), 
VtV) and ^(11) by taiiiin^ tl» colutlwis of th« sttal , 
nadiWB &xmnBU &na sodla»»onphosphe1» In fh» volon* ratios 
I t i i i m6 21 Hi . tli« pH valti* m» sot «cidie or bfi«ic tsith 
tho holp of mDj or fleo:^  Tho gelatinous sUiirry ira« kopt 
8t roocs tte|»07«tU3ro fov ^ hours foilo-jMMI by filtration. 
Tho gol WS8 oaohod @ovor»l tiawe tsith distillod viator to 
reraovo th9 oxooes of tht roagonte protont* It was dried at 
40% and plaeed in wator to eraoic into small grtmiloe* The 
fin* partielo* «»or« romovod by doctntatim and tho roat 
«sftro put in i«Oi mo^ to eonvort tham into ttm H^  forfflt 
with occasional r*;}leni8b»efit of ^a acid to asaura 
eonplata conversion* tha aiatarial waa finally washad «fi1^ 
datsinaralitad watar to raiBoya tha excaat acid and driad. 
It was ^a«rv»d that aiccapt Sn(IV} and Cr(22I) a«^l*e all 
othara »ar* althar not producad undar tha conditiona of 
praparatiott or tirara imtt^la <»hila traating ./ith ^a acid. 
It «rta tharafora docidad to prapara Sn(ZV) end CrdZl) 
artanopheaphataa undar different conditiona of pH and nixing 
ratioa* It waa noticed that tha awRplaa prepared at low 
pH valuaa were atore stable in acids than tha aaaplaa 
prepared at higher pH values. Thua» the sanplea were 
prepared at pH 0*0 tvhich waa adjuated with BiO^* Tible»2V 
d 
flitfliBerisee th« preparstlon of th7«t $Ba^l«t of ftn(IVl iftd 
Cr(£Xl) ar$»RQphosph6t«e* ra^lot C*i ftttd S»3 «»tr« 8«t«etfta 
for further etudi«s* Sea^los !>l and S»3 t;;»70 also ]r«fluxtci 
tn 2B3 ifiOg f«p lao hmsrs In a bid to ieproV» their 
crystal I £nity* Sa^lo r«3 dlseolvtd in the process* Ttie 
refluKed eefflple of SntIV) isrsenophosphete (feraple S;^l) 
ehotsed the ion exchange capacity for Ut^ and K^  aa 1,0 and 
1*2 @eq/dry g|( retpeotively. 
a) |?.ftl|^ I„fi,sjiftnffifih^ ag^ RJNtf 200 to 400 jigsKu of the 
exchanger mere diasolvad in 1^ 0 ml of concentrated HCt end 
diluted to about 900 ml t^ ith diatilled tester* Tin and 
arsenic viere precipitated a@ sulphides by passing H^ B gas 
in the solution. Tin was separated fro«» arsenic by boiling 
the precipitate mt^ concentrated HCl %n^ was deterisined 
by titration ^ith fC^ Cr^ O^  solution after reduction writh 
leadr The precipitate of arsenic sulphide iias dissolved 
in t4i^ H solution and arsenic was deteraiined by Volhard*s 
6 
thiocyanate »ethed« The filtrate obtained after the 
reaoval of tin and arsenic as sulphides* contained phosphate 
which waa detemined by ^e t^ uneioniuM Alolybd 
IVie cbservationa are ausHiarised in Table-V. 
•9 
which waa dete ined by ^e t^ uneioniu  Alolybdophosphate siethed* 
g *>«ti « 
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fe> ^Hini). aggfn^ PtW»^ hffili i 1 ^ to 200 ogas. of th« 
•itchan0«» t^K9 dis&olvtd in 20 pi of eone«fitv8t9d HCl and 
dilottd t> al>o^ t C^O ml alth dietlllod ^ratas. AreenU was 
pr«e&pit6tid 9$ suiphidd &y pseeing K^ S gas In th9 eoltition* 
fhi& p]recipit8t9 «od dieeoiwd tit t4^ ?H solutlcm ond dreenlc 
ssat dttvvffiSiMNi et daeerlbod above* the filtjr«t« eonttlnod 
ehroraiise end phospNurout. Aftot boiling off lUS tf«>a» tho 
filtretOa ehromiyta t?86 precipitatod out ae hydroxidt in 
preeonoe of m^Cl, a@ upiol pftosphofout remeine in the 
f i l^ato. The chTomiufi! hydroxide WQQ disfiolvod in concon* 
tretod tCl end ehroaiyei dotoinsinod by the potaeeium iodido 
«.thod8 >tur convrtlng . h ^ l „ » ( i n ) into ch,«»i«.(VI)? 
Phosphorous was thsn dottareinsd in tho f i l trstt by the 
stsndsrd laethod uesd sbovo* Th« result® are given in 
Teble*VI. 
lfH .IXghtngf Cfgffiily t The ion enchenge eepeoity of 
these salts wee deterntined by the colunn process* One 9rS8i 
of the sssiple wss peeked into e coluam to fmtm en ion exchsnge 
bed* Xt wss washed with deninerelieed water to renove sny 
excess of ecid rensined sticking on the per t ides . 250 ol* 
of U(M solutions of different owtal sslts were passed 
through ^e colunn aaintaining the flow rete (C»5 sil/min* )• 
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to (let»£ffiiA« th« s}|lli«(|utirdlent8 of H* ions reloftsod 
frott tha ion oxchangor* T«blo -VIl auma«rix«t tho ion 
9)ichsn9t ea^Bcity of the ts?o toapltt* 
treUoA of NQf'lOg (60 al} nocessdiry for tho coffipl«t« 
otutiofi of fiydro^ ftfi ione from tli* exehangoir was dettriBinod 
by UBing ^tffoiront conetntratiOAs of nt^O^ eolution 
(Figuiro**!), Tho flo« veto «9®6 tsalfitalnod ae 0«& ©l/rain* 
end the coltum b«d ^as pre^rod iirith i gia of the matari&l. 
Th© olution curves ee 6h9vm in Plgu»«»1J tsey© then ilsaafi 
laetng 1-Oa flc:D3 0a eluant. 
I M m L „a1l«!^ l,)lrJlliy„.» one gram esBples of the two material« 
i«ere heated at different t«B|^ ratuse& for one hour each* 
After cooling to room tenperature* the sasiptea tirero 
analyied for their v^eight lose and for the loaa in their 
ion exchange capacity. Table»VXXI aumnariaee such 
Ob servetiona* 
Infra red atudia^ i Ihe IB spectra of SnClV) end Cr<I2I) 
ersenephoaphatea heated at various tea^peratares are ehowi 
in Fi9uree»3 and 4* The IH spectrun of the Sn(2V} arseno-
phosphate refluxed for 150 houre in 2K mo^ (saaiple !^*l) 
l a shown In Pigure*5« C^'-jci -yyx^uMo -rr^eXl^uccC) 
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rtilbU •VIII. 1ti«wB»l «tabi l l ty of Sfi(IV) and C r t l l l ) 
arscnophosphattt* 
Dryinf Ion 0xchen9« Cdp@city|£»«rc9fit n^t^ht Lots 
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Cintt*^  ;iiiMfl«Vai 
4D 
dif fireetograst indicet* tho amorphous &»h«viouv of the 
awplos* nom9V9T, the aleetTon isleiroacoplci etudi«s 
suggest ^ e pt9&inG» of vBrf tiny ezyetals in th© 
tnattrial®. Piguraa*6 end 7 ehot^  the spectre obtained by 
the K-rey nitcrc^robe snalysie for the identification 
eleeientG present In the cois^ otinds* Piguree 8 to 15 ehow 
the phot09ra{^8 taken of theae coe^etmds at different 
isaQnifications identified by X-roy micropve^e anolysif 
interphased aith electron »icro8C<^ (CEM photographs), 
Ca) Pi fimM^Wp\fkP py<»ff i t «- pH-titrations for aaiEplee 
C«i, G»3 and %•! «iere carried out by the me^od of T^p 
and 9«pp9tt 5C€ ragma. of the ion exchange iseteri&l cvere 
r 
taken in each of the several 7%Q stl. onical flask'^ follo^yed 
by u^rm solutions of kno^ concentration in presence of 
flatl. The total VOIUM of the solution rae fixed as iOO el 
with distilled water. The pH of the solution was recorded 
after keeping the arixture at roon tenperature for 4^ hours* 
to achieve the equilibriun, A plot was drawn between the 
the nilliequivalents of OH* ions added end the pH of the 
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Figures 8* II. $EH photogiraphs of Sn{lV)«rt«nopha6phat« (S«l) «t diff«r«fit iR»9nifie<tions(Ag coattd). 
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Fi9U7«s 12 to 1». sm photographs of C7(III)art«nophos$»hat« 













MtlHequivattnt of OH*o44t4/oi fm txchangir 
F4o. I* »M-titroti©n c«rv« for Sn(iv> ArttnofihoipMi 









0-16 0-32 0-48 0-64 0-80 
Mllljequivalent of OH~a<lded/0'9 gm exchanger 
Fig. 17 pH-Tltrotion curves for CrCiH) Arsenophosphate 
using NaOH- Naci mixture . 
54 
0 0 1 0 < 0-9 H 
Millitquivaiervt of OH^added/o ^ 9m exchanger H»-
Fig.tl pH titration curvesfor the refluxed sample of 
Sn (tv) Arsenophosphate (Sft ~ t ) using NaOH-NaCt 
mixture. 
5o 
using mo^ of th« ••«• cancfffitrdtt^ 6« the IJfiCt) ue«^ 
««rli*f. th« |5R titrations «ti» also dof»» using KOH»l«:i 
m%utJt9 as tli« tttrtnt. 1THIS« curves ar» shoan In 
Figi«r9fi 19 to Sl# 
(*>5 By fifi|fWftCuflH>giow pr^c»ss i SCO Rg»i, of the 
exchanger (D»i or C»3) ^ r e taken in & 400 ml beeker 
elongplth the iCO mU salt solution C^eCl, ^ l « l.iCl« or 
tJH^Cl) of knoiM) concentration (0*013 U for &«l flnd 0,0<B 
for €««3), the f!iijiture was kept at rooa ^aperature for 
I hour and titreted egeinet a etsnd«rd tolotion of the 
respective alkali* recording the pD of J^ejeixture after 
eech eddition of a C,4 »l fraction of the titrant* 2t orae 
continued t i l l the pH becsoe conetant. The back titration 
waa then done by adding KMO^  and recording the pB* The 
reeulta are iho««i in Figures ?? to ^ . 
'^ fPfgf t l« l M, i ttf^ JJgai « Table-lX auamarlzea the four 
binary separation iwhich wf achieved on the coluona of 
f>nClV) and Cr(lII) arsenophosphates alongvdth their 
accuracy. The column was prepared of I gn of the naterial 
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0 0 3 0-6 0-9 1-2 15 
Millicquivolcnt of OH^oddcd/05 gm exchonger ^^ 
Fig. 19 pH-tiirotion curves for Sn(iv)Arsenophosphate 







0 0*16 0B2 0-4d 0-64 080 
MiUiequivolent of OH~added/o-5gm exchanger ^ . 
FI9 10 pH-Titration curves for Cr(Hi) Arsenophosphale 
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Milliequivotcnt of 0H~Q((ded/O'$ 9m e^chcsnger ^ 
Fig. 21 pH titrotion curves for refiuRed sample xjf 
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^1 lilliequivolent of OH added/o-^s gm 
fm.2l pH titration curves for Sn{ iv) and Cr(ni) Arsenofjhosph i^^ ':*. 




' 1 5 -
:oJ-
.'r;':"/;r;„ 
^ i / /-^  
" ''•1 '\ "i •*tj^^ ^ * * ^ - ; r t ^ ^ 





: O'QC) o-^a Q-to f:'i-4 O'ZQ' ' :>?(5 Cs^2 c.:% 







MMMti.ii.iiM'MM i » . F o r M < i r d •"•li 
•-0 0 - Sn-A$P 
--^ ]6r- Cr-As-P 
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0 006 OU 0-10 024 030 0*36 0*42 0-4$ 
Milllcquivalent of 0H*"add«d/o-3 9m 
Fig.25.pH titration curvci for$n(«v) ond Cr( 111) Arsenophosphatts 
using < NH4OH-NH4CI) os iltront. 
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tn ordtr to dbtBin tht «oai»9UiM}fi of th» rtquitlt* 
characttYittles 8 largo nu9t>«r of erstnophotpbatos @tr« 
pr«psv4id uein9 diff«79nt tectats such at Cr(IXl)» Sn(ZV)» 
M(XI), PbilDt 8»<I1). ^(11) , Cu(n), Cddlh CatXI), 
2n(n), cotii), Ai(nx), v{v), ^ ( n ) , c(vi) and MO(VX). 
In oscli esta tha thraa solutions of th« taoHi concantration 
isara fQixad In the voluna ratio It 1$ I at dlffisant ^i 
^aluaa ranging tvmt 0 to 10, lUnf atan end vanedium did not 
prodyca any praeipitata at any pn probably baeausa thay 
ranain ae anionic apaoiaa in all eolutiona* Tha praeipitataa 
obtained with tha raat of i^ a oatal iont axeapt SndV) and 
CrdXl) %iara found to ba unat^la «yhan traatad wi^ HUO^* 
Only tnilV) and Cs(UZ) produced good gala at low pH valuaa 
«l)ich wiara :>tabla during tha acid traatnant* thay ahowed 
good ion avehange capacity (TiMlla«VIX} and nare therefore 
atudied in detail. Botm of their ta»plae were prepared by 
varying the aiixing ratioa (Table«XV), At i t ia clear from 
thia table the pH of the laixture in caae of aa«ple»l waa 
ebaerved to be 4.0 while i t waa 9,55 for aaa^le*?. Sn(XV) 
chloride it highly acidic in character (pH of O.IM ?:nCl^ »0,72) 
and hence producea HCl on hydrolysia ahich lowera the pH of 
the aixture* although todius araenate (Ha^ H Aa O^ .TK^ O) 
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and sodluM o«ph98pfi«t« (Hft^ t^ .^ l^^O) tolutiont utiKi in 
^ i » study «r* euffleUtitly b««ie in eh«saet«v (pAi* 9»il}« 
ch»«»iit8i $slt» hosvcvtv giv«» d ir«6ulti»9 i^ of th* nixtiiM 
86 8*0 becsus* chrofiiiue nitrate is not •• ameh acidic oe 
tin salt {pi of O^m Ctim^)^ • 4.56), 
Ttm Et -ion •xchango capAcity for tht tin salt was 
i»60 «y|iilo thBt i&f tho Cr(I22) «slt wat 0,84 laeq/dry gio, 
Tho@ft valii98 tghan eo^arad tdth tha it'^ »ion aitchanga 
capecity of Sn(iv) phoaphata (C,73}f Sn(IV} araenata {0.dB)» 
Cr(Z2I) phospheta (i«69) and Cr(!n) araanata (0^90) 
P3fpBV9^ aartiar augftttad that tha cotspounda producad ara 
not tha aiffipla fixtures of thasa araanataa and phoaphataa 
iMjt tha aalts Ilka araanophoapha^a* 
Tha coneantration curva for tha chreoiuai aalt i s an 
intaraatin^ faatura, Ueually« for an ion axchangar tha 
aaount of H*^  alutad out incraaaaa ^ith the incraaaa in tha 
concentration of tha aluting eleetrolyta, Ihia waa true 
for atannic araanophoaphata* Ho«revar» for chroeiuM aalt a 
revaraal in tha hahaviour i»aa observed* The ion exchange 
capacity waa aaxiaRua when the electrolyte concentration 
ranged between 0, i and i* Oi^  with a further increaae in the 
electrolyte concentration• the ion exchange capacity decreaaed. 
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QB is •vldtfit from HgaxmmU th* •lution curvtt of th«M 
oisUtiais r«¥«tltd thftt atfoost sit n* wtr* •tutttf out 
^ th i f i th» f i£dt 100 iBl of th« of f lyofit (Fl9uvt*2}* 
Tho o f fMt of hoatiog tsiBporatuM on tho ion tuchmgo 
capacity of tho t»o salts is stioan in fit»lo»vni« Ths ion 
oxchango capocity of ^CIV) arsonophosphato l^as 1*79 Qsq/< y^<-
gn «»h«n ths sespls was drisd at 40%* u i ^ ths inerssss 
in ths dirying tss^ratucs ^yond 100% ths ion sxehsngs 
capacity dscroaass sharply* Ths ^fsi^ht loss at 100% wss 
7« in tshich isight bs duo to ths rsooval of extsrnal watsr 
niolsculss* At SfCO% ths essight loss hoeams 11*4^ thus 
indicatii^ ths start of eondsnsstion dus to ths rsmoval of 
structural tsratsr osolsculss* This is ohviously dccompsnisd 
with ths dseroaes in ths ion sxehan^s capacity* Ihs 
capacity dielnishsd sltiost conplstsly hsyond 400% whsrs ths 
oxidss of ttn and arssnie might hs fonssd* cr( 111) arssno* 
phosphsts* ho^fsvsr, rstains i ts In i t i a l ion sxchangs 
capacity svsn upto a00%* I t awans that ths eondsnsstion 
of ths product hsgins aftsr this tsmpsraturs only* Ths 
v^ight loss of 9*9% at this tsaipsraturs might bs dus to ths 
rsAOval of sxtsmal watsr aolsotlss* A drying tsii^rsturs 
bsyend 400% grsatly rsducsd ths ion sxchangs cspcity owing 
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to th« fojnafttion of oxides «« In tht tin salt* t1i« total 
loss in ii»tg!it was eor* for Cr(lll) talt than for TnClV) 
salt. 
Figurae 16 @»d 17 sho» tlm r^^titretim curvaa 
drawn undar «<|iilibriu» eonditiona on Gn(lV) araanoi^eapheta 
and CrCzil) artanopfiosphsta res£>octlvaly« against r4aOH.riaCl 
miittura ae titrant. In ««atar ttt® aalta ara aUghtly 
hydrolyxad aa tha pH is dacraaaad in both 0)« caaoa. Thaaa 
curvaa indieata tha blfunetional behaviour of tho aalta* 
Aleo the forward and bsetc^ard titration curvaa feap wa* lone 
fiuggaat a ravataibla behaviour of tha axehan^ara aa a vary 
S»all hyatariaia loop ia obsarvad* Tha concantration of 
mm and mm uaad in tha tm^  titration a of Sn(W) aalt uraa 
C.015M. Por tha pSI-titratlona of tha Crtlll) aalt i t waa 
0.C03N. Tabla-x ahtms tha dlaaolution of Sn{lV) and CrtlXl) 
arsanophoaphataa in n&m of diffarant eoncantrationa (C.0|@, 
0*lMt 0,SM> LOM} on kaapiog 500 eg of tha laatarial in 25 el 
















Tabl«»x • Qlseolution of SnCXV) am) Cr{IXl) ar«9nephot* 
phet«@ in UBm eolations of diff«t#nt coneon* 
tratione. 
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Cone.of £/i@solution of riidv}* Dissolution of Cs^(Xll) 
!:t3H ars9Ropho&phate arsonophosphat* 
Cn(lV) A8(V) P04** Ctini) As(V) POK** ions 
dissolved difsolvdd dissolved el^jssoliwd dissol^d dieeolvtd 
losg) (09) (fi^) {mg) (mg) (©9) 
r^ ot laiQSfilved 
I. CO 3.00 5,30 
14.00 ?i .00 12.00 
Diesolved appreciably 
It it> clsay item tabls X that ths alkali solution ussd in 
thd {^•titrations dissolvo ths isstojrials nsgli^ibly. A 
dotsilod 6ti«3y on ths chsoiesl stsbi l i ty of thsss salts i s 
givtn in Chaptsi>nx. Piguroe 19 and 20 show ths pH* 
titvstions of thsss tsm salts using KOI^ -^ l siiKturss. ths 
pH*titrations tssrs also nads on ths rsfluxsd saapls Sn(IV) 
arssnophosphsts (%•!) as shown in Figurss 18 and 2U 
Thsss curvss show only ons inflsetion {K>int as sgainst ths 
ths t»o c^tsinsd for ths non*rsfluxsd saaiplss» thus 
indicating Boam structursl ehangss in ths eatsrials . 
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l^ lgaves :^ 2 to 25 l l luttrdto th» f>H tit:rati9fift undtr tht 
non •qMilife»rtuA conditiont utlag ciiff«r«nt alkall«t at 
tht Utrantfi* tlOH» f4e9H» mm end KH^J^ »tr« t&l^ettd «» 
tlteanti* 2t t^ ae abe»ev«d that tha hystariela loop ia 
obtainad in a l l tha eaaaa» IndSeatiRv^ that soma Irravav-
eibla edsoTptlon of tha ®lfeali ©atsls takae plQca. Afh 
tinn 0® tha tlt?aot {FIgufiN^52) ^ a pH of tha solution 
ineiraasaa rapidly ini t iBl ly for Cr(IXl) arsaix^tiosphata 
t i l l pH IC.4« Aftar that the pm daaraataa aoaaidagebly, 
CiiCiv) dre^noptioephota ©leo oho«fs tha emm trand* Only on© 
inflaettcm point i@ obtainad in both tha eatoa* tha 
bahsvimir of CsiUt) areanophoaphata i© tha saisa in NtOii^  
^acl and m^WmnH^Cl syatana CFiguraa»23 and 29). Kowavar» 
in ttOi£»£ l^ eystaa (Figura •24} tha riaa in tha forward 
t i tration oirva is sluggish at tha in i t ia l ataga of tha 
t i tration and than rapid. Sn(XV) arsanophosphata» hawavart 
ahowa a diffarant bahaviour* Hara^ tha nui^wr of H^ iona 
relaaaad par 5C6 mgaa* of tha axchan^ar ia nora than in 
CrdXZ) araanophoaphata for tha alkali toltttiooa. i t ia 
obvioua baoauaa tha ion axohanga oapaeity of tha for««r ia 
aliioat dotibla of tha lattar. 
Tha I*n. ioactra of tha thraa aai^laa (^«l»r^3, and 
fl^-i) 9X9 givan in Flguraa 3 to 5« A nunbar of aharp and 
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t^ 
ttrong bendlf at th« fratsyieficito ^6C0» ^896* r l^090» ^1^0« 
i450t^l6CO end^ $^CCO ci»* ar« 0b8#rv«il. Th« four bands 
at th« fireciu0nei«0 r-600, o^ iCBO, .-^ 1.350, end '^ 1450 Cffl * 
aw probably due to th« g>r©s«iic« of P^ J** (6C© end 1C50 cm**), 
eonob&sie oz>^ opho©g»}^ @t«9 Hgl^ * (1330 ca**5 and dibs$ie 
orth<n>t«>ep*i»tt, r!7Cj* (149C OD*^ ), retpectlvelyf* tha 
irsen«t« bende say also fall in the sane regievit ee 
l>hoei>hste. The !&etal<»o»y9ett etvetchln^ vibration (&-0) ©re 
to ^1 
indicated by the band at-^830 cia cfhile ttui presence 
of water of eryatellisati<»i i&ay be attributed by ^9 f^o 
strong bande at ^ 16C0 and — 3^C00 c©" • The water bande 
at -^ 3CC0 ca*^ ar© also indicative of ©trongly hydrogen bended 
(B or extremely strongly coordinated HgO» The dehydrati<m 
etudiee coupled »ith I.tU yield the following valuable 
inforatatient The intensity of the band appeared at ^ '1600 caT^ 
due to the presence of ^ter of cryatalUsation ia reduced 
in the eanple heated at ^0%» probably becauee of the 
removal of tvater noleculee. A further heating of the sanple 
eautee a furrier lose of fi^ O and hence the apectra of the 
eanple heated up to 6C0^ C does not show this band* The loss 
of water aelecttlee due to condenaation of the structure is 
indicated by a narked decrease in the Intensity of the band 
at "^ aOf C csT^ on heating the substance. 
tho coi^ositiofi ef th» Ion «iiehftng«r pr«p«r«d by 
miKiiig Sn(2V)» ©rstnate* enii phosphate in th* Rtolar 
retlo I t i t l (esaplo S»l), wa© found to h« i . 7 i l U (rniAetP)* 
resale r-S, «hlch tfas preparod by Crdl l ) , areenate* end 
phosphate in th« asolar ratio of Si i i i t ho^^vor gavo the 
Gaoie ehasieal c(%!po6ition !•«• ^tltl (CriAetP)* The 
reculta aire eusnapitad in t^ la t V and VI« Thia fact ia 
also supported by the apeetta obtained by the K r^ay 
iBioirop^be analyaia (Figturea 6 and 7) t;<fhi€h indicate that 
8n or Cr)^Aa or P in the !&ateriala« the peafca appeared 
for Al 8iay be due to %h» impyritiea froe the aanple 
ehas3l>er* These atudiea coupled «4th the WK point toisfarda 
the tentative atrueture of these aaltaesw diacuased in 
chapter»IIZ, The uti l i ty of these aubataneea haa been 
desionatrated by achieving four binary aeparationa of aietal 
iona. nawilyt NiUD^Cudl), CwtllKl^dn) and NidlKcodI) 
«ihi6h were tried without obtaining the t^ valuea of these 
fsetal i<ma (Tabie«XX). A ayateMatie distribution atudy 
and the aeparationa aehieved on that baaia ia however 
deaoribed in rhapter»XV» 
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Chemicftl Stability eiHi thtxsi^ravinttriis 
snalysit of $n(IV) mA C;r{lIX} art«fiophotpliat»«. 
r-I O 
the inorganic Ion oxchanf* natArtate proc2ue«d by 
taixing « gdlution containing t»o dni^iic fip«ei«t into 
8 itriitai solution h®v® shoaai fcHitt»y ion ttxch»ngt prc^Hirtiae 
then the Bimpl9 sixconitm phosphate tyi^ asdttrialt. In 
chaptesvix tha synthaaia and ion axchanga propartiaa of 
rn(IV) end CrClI l) arsanophoaphataa hsva baan eiantionad* 
Theiir cot!:$»osition» ion axehan^a capacity, eoncantscitiano 
end attition cuxvast thaiwal stability* l^rit X-ray, and 
pr-i*titration etudiae hava baan made ^^ datail . In this 
chaptax* fha chasiieal stability and tharmogravifltatric 
atudias of tl^sa iqitarisls hava b^ a^n sui^iasisad. 3^aad on 
tha thart3O0ravir«iatric analyaia {T3A} and ttH»i» ehaedcal 
eofiipooition* tha tentativa atruoturaa hava also baan 
propoaad of thaaa coaq t^iada* 
7^ 
mmpmnh 
||<iaff»fttM I Ail rea9«ntt and ehtslcals ts»r« «lth«r ftom 
B,D.a (englend) or of An©lap gra«l»» Gtennic chlorid* 
tt««d tn thvte «tudi«8 was a polish product. 
fi^^aratua t asuech, £ind Lo^ 6p»ctroolc«20 colorieattr 
i?«» uaeil for tht epactrophotomatrie work* For tm a 
Parkin Blear aodal TBB»l syataia vme uaad* 
py^ par^ i^fff^ , PiJm.M^h&m9,mlnl^U »• Cn(IV) end Crdll) 
areonophospliatds «ara pit9pBW^ as daeortbad in Chaptar^ IX* 
h^aml<^ a^  l^tability •• SCO aillllgrswe of tha ton axchenga 
matarial ««r« plaoad at room tasparatura in 25 ml aach of 
tha diffarant coneantrationa of tha slnaral acids and umu 
for 24 hour®* Sntarmittantly ahaking tha solutiooa to 
attain tha aq^ilibriust* Tha suparnatant liquid waa than 
daeantad and ttnalysad <|tiantitfttiv*ly for Sn(2V)» cr(2II}, 
As(V} and po^** by tha atandard apactrophotoawtrie laathoda 
a a daacribad balo«vt 
(a) ||^ it,tfit|r^ajA,^ ,„.^ tf,,l^ i« Tin ivaa datarainad by l^a 
phanylfluorona awthod? Tha filtrata waa aiixad with 5*00 al 
of it4 H^m^ and boilad until tha fuawa of n^m^ Juat 
»pp99x; Aftar cooling* 9C0 ftl of t^tar wara 9^696 to tha 
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•olytion* fotlowtd by 1 s i of H^ O^  (3^)^ iO lel, of 
iHtffft? noiiitlwi (4$0 981 todiuB •G*t«t» trihydr«t« and 
240 nl of gl«ei»l acetie aei<t in X l l tos)^ I. e l of 
freeti Ifj aqitoout gws erabte end iO ml, of phtnylfluotwit 
eoluttofi (distolvo 0«C5 9a veagtnt In JL ml HCl and 8 
l i t t l * C^^m and dilutt to SCO BI ®ith the l©tt«»). 1h« 
solution «fa« allotaiAd to stand for 5 fDimttoe end thtn 
16 mU of l i9 ICl \soro Addod. I t was tran«f»rr«d to 8 
50 el voltiofttric flsek and diluted to the voluno vtith 
lt9 HCl. Th& ebsorbenee was obtainod dt &iO a^ iissodiatdly 
8g@inet « blcnle proparod sieiilarly* 
(b) ^J^mfaiMffl ^..Ste^tfB »- ChrofniuiB wa« dotoxDinod 
by the diphonyl oai^axido tctethod • To tho saii^lo solution 
in ® eonicsl flatk io ml of tha O.^ M H^ SD^  waro addad 
follovnad by 0.5 ait of 0.1*1 Kmo^ (ona drop in axeaaa). Zt 
waa haatad fof SO ainutas on a watar bath and 3-9 drops 
-., - — „ »..>.....„». „-,..».. 
Tha flaak ivaa than put in a cold bath and tha solution 
waa tranafarrad into a ?5 oil voluoiatric flatk. i lal of 
diphanyl eaxbatida raa9ant aoUition (C,?5i$ in vaagant 
<|iality dcatona in bro«o bottla) waa addad and ttixad for 
I ninuta. followad by ^ ml of a 4U aquaoua Na Fi^  PC. 
solution. Tha colourad solution was dilutad upto tha 
«ark with diatillad watar and tha abaoiH a^nea was teaaaurad 
8t 540 n tt agialnet a blank pirdp&riMl in th<i siaila:^ 
U) Daf Mftlnatipn, of Aritnifc t* It ©as don© by th« 
Molybd«miii blue tsothodf Tha reagent solution was 
pr«i>ftr«d by mfxlnf 10 8)1 of solution A ( i gin eiisi^ niw) 
taolybdat© in ICO ml of STi KgSni^ ) t i^tb 1 tol of solution B 
(0»15 gm of hydrssint iulphat* in 100 ©1 »8t«r) ond 
diluting tbo csiKturo to ICO si . It waf propa t^d fre$h 
daily, 10 mlm of thi$ reagent tvtro addod to tho esraplo 
solution and th« sixtuvo w^ e hooted on o eteai^  bath for 
19 C3inut0»« Aftor cooling i t «iae tranefovrod to 25 esl, 
volussotrio flask and dilutod to tho nark witti tho 
roa9«nt* tho absoxb&nco wat takon at 7C0 le u against tha 
blank* Tho f inel solution should not contain aoro than 
3 U9 of Aa p9t 8)1« 
{<^ ) ,R«„lfl»ilPfttiW. PL'PHMPhnmmr l^ hoaphwoua waa alto 
datareiinad by tho Molybdanun bluo otthod • A toa apoon 
full eacbon black or aninal charcoal t»ta addtd to tho 
aaaplo tolutien folloivad by the ICO ml, of O.SH mmo^ 
solution. Tho contanta of tho flaak Mro ahakan for 
30 iBinutoa on a vochanleal ahakar and than filtorod 
through a wrhatnan No.49 fi lter papor* 5 nl« of tho filtrate 
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mT9 taktfi ill a 25 ill voltiMtrle f latk aixl 5 ml of th« 
•tmonhm solyMat* solotion ( I . 5 90 atRnoniun aolybdat* 
100 nl of 3 . ^ l e t 4 a al of cofie*ICl} cwrt 84dttf to it» 
TNi sidas of fho f U t k «tr« washed «dth d lsUlUi l watar 
and tha aoltttlon was ahakan tlioiroitghly* I mi. of BnCl^  
foiution (10 9m Ontl^SII^O disnolvad in ^ ml* conc«HCl 
diluted to idSO nl »lth «atar) viaa a^ Mad m^ ^la voluna 
was fsada up to tha nark* tha ^sorbanoa of tha blua 
colour was raecsrdad at 660 esu against a blank pjrapavad 
in tha eifsilar f&annar. 
Tha yatolta of thaaa dataminations ara auoRarisad 
in Tablae*XI end X2I# 
Ihamogravlaatapy i« Tha absalivations iralating to tha 
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of 0n(IV) and Cr(IIl) a^stnof^ hosphattdt (a) chvsdeal 
@t0liil£ty (b) theines^raviffltttle eiielysia. It Is ol9«r 
trmn t8l>l«s Kl eiMl Xll that the eaterials obtain^ by 
filjclng thd sreen^tcft end s>tkotphet«» with rnCw) asd 
Crdll) 66lt&i jr0«p*etiv»ly art highly acid reeistiifit* 
HydrochloriOt sul^^urie end nitric scids upto 4^ c«»)c«ii«> 
trations hm& negligible offset on 1^ «6« {Bfit^ irittls «V4m 
eftes bein9 in contact fof ?4 hoiire at room toisp9ratucif« 
A Gonc«ntr«tion boyond this had an apprttcic^le effect* 
Co^ftratively* nitric scid i t tfm l«i«t effective acid 
for diseelvinf these coepounds* the most effective bein9 
the hydrochloric ccid. Oodiura hydroxide also dissolved 
the eeieiplee easily forssing the elkdli Arsenate* snd 
phoftphatet* 2n thie respect these eateriele ere superior 
to the fiinilar single salts such as €r(I!Z) phosphate? 
nn(lV) pfio^etel Cr(lII) ertenate?"^ end v^(IV)6rienateP 
The cofnpoeition studiee »ade on these leeteriels 
(Chspter^II) suggested « ratio of rn(iv)« As end P ee 
5t3i3 in tnCXV) ersenophosphete, Zt «»«s found St l i i for 
Crdl l ) . A@ snd P in the Cr(III) celt. The electron 
iricrogfpte ttudi*! (Figuivs 6 and 7 in Chapttz«2l) alto 
r«v»at « highvv pes^tntag* of Sni XV) and C:r( III \ in 
eoBparison to Aa or P* Tha following fonaila for this 
co(!^ »9und een« tharafora* b« tantativaly eiiggaatad* 
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Thi axtamal mnt«t faolaeulaat n» can ba «vatuatad 
on tha batia of i ta T3A atudiaa* Ffots f i g u r a l t i t ia 
elaar that Sn(2V) artanophosphata aimarianeaa a waight 
lose of 2G% upto about 2C0^. If i t ia aaaUMd that a l l 
axtamal watar fBolaeulas ara raeovad on haating upto thla 
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ttnp«r«tur«* th«n 
yt»X9 n m % t^lght lose ®t aCO^ 'C 
B 4gi « E^ l^tcular ^tight of the matt^ial 
n •» Oxtsmal wat«ir atolteulAs 
this giv«» th# value ©f n a« Ste#4, 
Sisiildrly the fomiile f^r CvdlX) ax*t«nophos|^ «t«t 
&8G@d on it« eoffipoftitioo can be «ritt«n AS 
orith th« folloivSiig stmeturt 
0 
^ 1/ HgPOg^  0 • C r - 0 • As - 0 - Cr - OH 
«»i tii OH nlUO 
Following ths osthod applisd for ths dsttxnination 
of ths SKtomsl watsr nolssuUs In Sn(XV) systnophosphst* 
as sbovs* ths sxtsxnal watsr eolseulas par nolsculss of 
this ooapoimd ara found to ba ^^  9. Howavar» ainca tha 
aaaplaa obtalnad ara anorphous in natura, furthar 
anunciatlon of tha structuras of thaaa cos^unda ara not 
poaaibla at thla ataga* 
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Ttw im mvmB for thtw two talte in H* fawm 
teval eertsin r^tiry inttroeting points, thttst tr» 
total ^ ^iglit lots is oueh highev in CrClXl) arttno* 
{^oe^hato th^ in tho tn(IV} salt. The condmsstien 
of tH9 isoloeulo of SndV) crson^hospheto starts only 
abov© 400**C ewS is eenplot*^ at rit>out S50^ C. Cr(lIX) 
ar8«n<^hosphftt»» on tho othor hand, koopt on loting 
i t s ^oight ^ieh nevor booomas constont oven on hosting 
i t ttpto iiCO^a 
# » # 
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U V« 9%'k^v9k aruS V* Vesl«yi Tslanta a«vi«v7i 1£, 
1245 (19?2K 
Sit 0«B« Sandtllt ^€oloriR9trIe DatoztsinatlOD of 
3* [ l» f •#•»«• 2 , f>« 3^« 
4 , R»ftirefie« 5 , p» 289, 
&« s.a* ole«R« c.v; Colo* P*R* nat«nak«» and L*A« I3e9ft» 
U#CS. 0et»t* A0rle< Ci»c. t fsJ©. 939, 99 <1954>» 
6, D« 3«tttx>l<390 and 3. a OtrsdUngt J* Xnorg« tlUct* 
?. Y# Znoii«» J, Xnorg, Nucl, Ch«Bw » 2§, 2S41 (1969}» 
8* Q^li* tukasxawftci and J.P« aadf*xn« J* Chanw €oe*, 
48C5 C1962), 
9» a*M» tykaaiawaki, J,p* Hadfavn and J«a» Saloon, 
J. Chtfw S o c , 39 (X96l)» 
X0« & qiuraahi, H»B. aa^iox* and H. Kysas, j , Chac. 
Hoc.(A), X986 (1970). 
« # • 
\ i iafiri i i i i i ftf i» I iiiiff>y» 
Distfibutiofi StudUs of l>i»tal Xons on Sn(2V} sna 
CH222) arstnophotphattei Soparatlotis of mt»X loa*. 
6b 
th« ealtd p¥odi]G«(3 by mixing tm anionic species 
with ® tm%t\ ism hav» xvceiveid coinside;rable attention 
btcaust of ttiiiv p«cttli«r ion i»xchin3e pzt>ptrtie€* Tliey 
show* in 99n*ral» good ion oxehfing* c«|>acity« x'opzi>» 
dacibllity in b«haviou:p» high s t ^ i U t y end t«l«ctivity 
for m0tal ions.fn(lV) and Cr{IIX) arsanoi^ hosphatois 
hsvt b©»n found to possQ©e high stability both ^©tmal* 
cm) eh«mic«l^ ae described in tho pr«c«ding chaptere« 
This chapter tuawiarizae 8 ayet^isfttic study of diatri* 
bution coofficiantt of awtai ions on thsss two sAlts 
ysing conplaxonstriCt spoctr<^hotoimtric and radiotracer 
t«chni(iuaa» At @ rotult* ao»» vary usaful and analytically 
iaq^ortant aaparationa hav* baan achiavad, thus illustrating 
tha uti l i ty of thasa eatariala. 
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fi«^aqi,n^i »• All reagents and chsisieals w»r« •IthtJ ttam 
S.aH. (OnglAfid) OF of AMIW 9»«d«,StBfinle ehloiriat 
astfd was a Polish c»?atfttet (P.P.tt, Palsfel* Od«iyi«iltl 
Cheisitiiw oll«rie»» l>oltn<i)« 
f^ m>»g»tti^ t^  Baasch and Lorab ep««tr9fiiCi^ ||l col<irli»«t»» 
m»n us»d for aptcttophotoattyi© studio** Pl««ot photoaotxic 
etiidio* «^z« aado on a flfiiso photomotor firoe systronies 
(Xndi«}t snd tho rddloaetivo counting WQ$ dont on a 
scintillation couotox fof iT •counting and on » <3«^ Counto« 
for ^ -countino. 
Prop««Uon of ion oMchonQO i8»Uyi»l»t« 
Sn(IV) «nd C»(X2X) A^Mttophoi^ iiliotot Mort propavod 
• t doteribod in Chapttr«XX* 
glitl^ lfrliftfftl, „i^ ,ta,<llt,a * T^ dittritmtion studios of 
16 Motol ions mf p^rittriMdi on Sn(XV) end Cr(X2X}«xrton»-> 
photpliatoo at im 2. Iho pH of th* solution waa adjuatod 
with tho halp of porohlorlc acid* tht rosulta aro 
suMRSiriKad in tabla XIXX. Tht following oiatheda novo 
uaod for this purpoao for difforsnt aittal lonai 
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• 
valii«s of m* Qfid K* mT9 aoUzeifivd by tlaam photaxmixy, 
Oodium nitrate ond pota@$iua nitret* eolations wvso 
j^ cepatftd in doolneiralisett watoir* tho eetount of tho mttal 
solution loedod »a8 ^ sdjosted that i t did not exc«od 
3^ of ttm total ion oxchanfo capacity of tho exeh«ngtr« 
tho oqnitibriya mm attained by Icooping tho solution 
ever night at xoom teis|>«a*atyjc« t^ ith th» ion oxchangio 
iD6t*ri6l* Tho tiiounts of Ma^  and IC^  in the solution 
bofoxo and aftor oquilibriuiB «»»r« dotorminod vvith tho holp 
of tfm ealibiration curvaa d^«n for H9i* and f^ using 
thoir roapootivo filtora* 
b). Distribution Coofficiont of UO^  « Tho Kd valuoa of 
U0| «3or« dotoxninod spootrophotonotrioally using hydrogon 
paroxido as ^e colouring rtagontf 
fBOtala wars dotominad by ^o ODTA awthod aa uaual. 5C0 aig*a 
of tho oxchangar iwaro ahakan with 5C «l of tha solution 
for 6 houra to attain tha a(]uilibriu». Aftar rasoving tha 
axehangar by filtration tha solution tfss titratad againat a 
atandard HDTA aolution^ using xylanol orango aa indicator. 
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r f \ J?yr^ ,^ ro^*, m^*^ Iflf!^ , y^ , J^ !^^  thu m v8l««» 
of th96« i!!9tai ioriQ iMire obtained tseing rtdio trec«7t« 
tht solutions \s0r» pKtpair«d In K'f?, th« pHC^ ) of «i^ i6h was 
&<$jU8ted aith th© h«lp of IClO ,^ th# eisount of the 
«3iehafig«ir t&k^a in «aeh cast «d@ ICO lag and %ha eonc«n» 
tration of th« solution w&% takdn @t iO*^ rat 10 wX of 
«^ith ^as loedtd on tho toattirial, Itio oquilibrluia was 
ettsintd by feoepiog the «stehan9o;r in th9 eolutlon for 
ovotni^ht at xoom tans^mimm with occaalonal ehaltlng* 
Th9 activity of tho solution isff^ s countod by a«l:i,Coantt]r 
or @6inti nation eounttx aa tht oaao say bo, 
mm ioatsmi» uaad for tho caieulationa of ^ valuta 
«yaf 
K«| • ^ » f Ctal/spa) 
«^tr« Z m Tho Initial voluaio of tho HOm usod/initial 
eoncontration of tho aolution/initial activity 
of tho cation. 
P - Tho final voluM of WTk usod/floal oonoontration 
of tho aolution/final activity of tho cation* 
V • Voluno of tho tolution* 
A • weight of tho ion oxehangov. 
.0 
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C.A. • Cooipltto adaovptioii 
9 i 
It^ e K^  vtlu*e of soiSlura and peitastiuai 'mr^ 
d«t€rsifi9d in «?at«x end in diffesant eoftedotretiofit of 
H^ 0^ * (dO^» tCl and B^ n>4 osi th»«« salts ae shown in 
table KXV* Figures 27 td 2^ etiism&riss th» eoncsntratlon 
effect of tcl , KClO^  and 1^ 30^  oil the l^ vsliies of m* 
and IC"* ioa©« Figyre SO shoer© ^ e effect of wm^ 
tretiOR fojr Bb* and Csf 
aepag^tieuft ^h|^vf4 i The coluMie mt@ prei»eved ei 
0.» gm of ^e tseterlel of osteh t i i e SCC*4(J0 iii a elc^o* 
iMivirette, The isetsi solutions iiere then loaded sepsr&tely 
and eluted out with a ^itsble solvent. Thus* the elution 
curves were obteined for e«ch leetet by plotting the 
tfiiounts of the swtel in different fractions of the 
effluent e9Sinst ^ e volune of the effluent* 0n the 
bests of the elution curves the eepsretion of Ut^ ** ^r**, 
Uo|* - Th**, and Me*. ^ viere tried by spplying their 
eixtuzes on the eolusn end eluting then ^ith the selected 
solvent* UreniuBi ivss found to be eosipletely eluted out 
with deminereliied water* Eirceniusi and thoriun were then 
\J HV 
lesehtd oat »tth 11'^  fflO^« Pwe sapavatlfii ila^ fvum K* 
HCIO^ iolutiofit of <llff«Mnt conc«ntv»il«i9 vmw \as«4 
88 tolvvntt* N«* ^ s f i r s t tak«fi out tvith | 0 * % HClO^ 
«hiU K* me 9luted with 10*% KCIO .^ Plgi»#t M • »• 
1hr*« raoir* binary ttparation* »*r« a€Hi«¥«d im 
Si>(XV) arttfiophospliatt sueb • • Sr^*. Ca*, Hg^*- A9*, 
H9^* 2a^^ using radiotreear t«ehfii<iua« Cr{nx> &ri«{i<»» 
^hotphat* wa$ alao founel uaaful for th* taparatiofi of 
Hg » fiig** Tha mtthod utad was tha aaiea aa daacribad 
^ova. ttia alutiofi oirvaa atongwitft tha «aparatiana ara 
ahotm in figuraa 3V38. Tabla XV luaaaritaa tha 
aaparationa aehiavad and tha aluanta uaad in thaaa 
atifdiaa. 
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T«bl« XIV t K|} valutt of ti»* and K* in wat«r and diff«r«iit 
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f ,A. Coaplata adaoxptlon. 
b'^ l 
T^le •XVt t SftpasdUooe aehi«v«ti an Sn(ZV) and Ci^dll} 
•r6*n9ph»sphit»* b«t*d on ^ valttte t 
$0peret«d Exchan9«r ettient and ttlutad lont 
Hg^*- Ag* 
Hg^*- m^* 
Gr^** C G * 
Na*- K* 
ml*' th** 
UO^** Z r * * 
Hg^** Ag* 









10*^M ICIO^ 1 
»i^CW ( I f l ) 1 
10*%I HCIO^ i 
!»3 MH^KOg 1 
itrhi mio^ I 
m m^m^* st 
^ 1 0 - % HCIO^ 1 
1 0 * ^ HCIO^ 1 
wat i» 1 
i« mo^ I 
water 1 
JUS HNO3 ' 
. 0 - % . HCIO, . 
m^m ( i t i ) 1 
10*%« HClO^ 1 
























CA. • Complete Adsorption. 
-» OUtrikutionof No'*'«nCrAfr 
ObtribuMon ol K^  onSnAif 
DicMi^ ilion of K'*' onCrAiP 
X 
0 t I 4 5 
-ail* 
Fig.a? A ()lot ftf |09K<J Vi.-lostHflO|3on Sn(iv) 
and Cr(iM)Arsenophosphot«$. 
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«.4. • €tiii|if«tt A4mpHm 
» 4 > 
'lf.2t ^ plot of logKd Vi.-logtHclo43onSn(.v) 




C.A. « CMtp{«t« A<lMrpU«li 
•O^—o- Dittribittion ©I M«*on JnA»P 
•0-—0- Dittribution of No^onCrAsP 
•*—*r- bittribution of H* onSnAi^ 
• « — o - Oistributbn el %* en Orhtf-
a. 
2 3 4 5 
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FIf .10 Effect of HNO| cone, on Mi of Rli^«nil Ct^  
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Volume of «f(ltttf^ <mt) 
Arl•nQ|>^e•pM(• t l ' U 




(kf) t»|tw M() |o lunoMiv 
102 
r- •# • •'» -» «*» 
{hOp\m$ Ml) JO, luntfttiy 
103 
<g„0UI-ni'':M«'{6«« ^ *5>«®5 
1U4 
«»> $ M NHikHO| 
25 50 
Volume Q1 tffluent <fnh 
Fif .31. Stparotion of Hq'* from Zn** on (sample S-t) $n< IV) Ar$«nopho$pnote 
75 
105 
IMMM«Nd|« i» MM4I| 
Votumf of •fflutnt((M) 
Fl|.37. fiporf^(«n of Sr'^frpwCi^ow lomplf <i-f)Jn(iv>Ariti»oi»hosphaU 
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ii^Mf>tx} X||j»)M m 'fum 
1 0 V 
DistvitKition 6tudl*« of iBttal ie»)t on ai(lV) ftnd 
CrClII) dvs«noptie8ph«t»ft ir«v9itl €»»t«iii vwy inUvvsting 
f*atui«9 of th««« m«t«rlal8,^  1t)«6« studUt wtr* mt{l# 
at plim2 99 this {^ i s th« 8«f«st on« to elMck ttm 
hydtrolyftie of sHitdlt* It w«t obttrvod that tliot* faltt 
9r« highly i»l«ctlv» f « K*» 2r** and Thf* Howtvtr* Oo|* 
shows ft p««ulls]r bshsvlour* Its adsorption i s nsgligiblo 
on Sn(lV) scssnophosphsts @ i^ls eosiplsts on CrCXSl) 
arssnophosphats* tht separation of tlOg froai Th and 
UOg* '»«» Zr** has thsrsfor* basn madt on Sfi(XV)arsonOto 
phosphats (Pigur«63^'B\ Sii!iilarly» ssparation of m* 
froBi K"*" has l>san affaetsd on both ths mstsrials sines 
bo^ havs a vsry widt diffsroncs in thsir ssUetivitiss 
for thsss Mitala. As sho«in in tablo ^ ^ ths K^  valuss of 
Ms'*' snd IC^  wars si so dstsrminsd in lyatsr and in diffsrtnt 
concsntratiena of HCl» ^2^^ and mo^ on both thoas aalta. 
i t ia intorsstinf to not* thst K* i s conqplotoly adaorbsd on 
ths Cr(ZIZ) sslt in si I ths solvsnt systsas* On SnUV) 
sslt also* ths tsndsncy of this s»tal i s towarda a highsr 
adaorptisn sxespt in X.OM HCX in ivhieh i t has a low 
K4 valus. Ala«, for H^* and Sr^ "^  nono of thsst ion SMChsnis 
l u o 
ttattritlt he* any aff ini ty «t pK«2. S A ( W ) avstnophos* 
ph»t« haa aa ^iiraeiabl* aff inity for Z^*^ ab*** 
A9'*' and Ce"^ . ttio Cr(IXX) salt ehowa • good aaltetlvity 
for Ag*** ion* Talcing advantago of this pa^^iliar Inihaviouv 
of ^1069 araanophoaphatoat throo ietport^it binary 
eoparationa hava baan aehiavad on thaat aaaptta* Thtia* 
ar^*- Ca*, Hg^** Zt?* snd Hg^*- Ag* how baon aaparatad 
m SnCXV) araanophos{^ato cotusma aa ahown in figurta • _ 
Tha eopairation of Hg^^ fsora h%* haa also baan aehiivod <m 
r r ( I I I ) araanophoaphata (Figuvo* 3B )« 
Tha atparation of Cr^* fto® Ca* ia of partieuiair 
intaroat for fiaaion atudioa. Xn U^^ fiaaion tha poaka 
in fiaaion^yiald curva occur around aiaaa nuiaNfva 9d and 
138 which is an aroa eorroepmiding to tho nuclidaa of Sr 
and Ca roapactivaly* Thuat »^r and Ca radionuelidaa •£% 
praaont in highor ylald in fiaaion producta* Bacauaa of 
tha known atability of inorganic ion avchangara f«r 
radiation danagaa* i t ia a l l tha »or* intoroating to 
attaMpt thia aoparatien on thaaa natoriala. Tho atparationa 
,of Hg^*. Zx»'* and Hg "^*- Ag* ara of norwal analytical 
iiiportaneo. Hg and Zn* baing of tha aaM group of tha 
periodic tablo* bohavo amro or loaa ainilarly in «any of 
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th«i]r an»lytical prop«vti«t • AltOt th« b«h»viouv of 
H9 end A9 Is alikt ehtadeally* 1h«t« and oth«» ftparationi 
havt umSoubtMlly boan ettanptad end aehiavad aasliav 
mirtg oar^ anie fteina as illustratad In tabla MX, Honava?, 
thay ar@ r.ora convaniantly earrtad mit <m our aiatarlala* 
at th» alutlon eurvaa ara vary ttiayp, 
Sffaet of aeid coneantratton on tha K^  valnaa of 
alkali aatals hea eleo baan etudlad on thaaa aaa^ sUa* Zn 
KSOg »yita®f tha plota batwaan I09 n^ and logJH s^o^ J fo(r 
tha alkali Matala ara all atirai^ht linaa (Fifuraa 27 and 
30), In tCiO^ alao* tha plotaa for ntt* on tha Sn{ZV) 
and Cr(IIX) ealta ara atrai^ht linaa but tha aama for K* 
ione ara not (Flgura*^). In caaa of ICl as a davalopar 
tFigur«»29) Cr(I2Z) artanephoaphata ahOMa a eooiplata 
adeorptiofi far K*^ at all eoncantrationa of tha aoid. Tim 
diatribtttion of thia »atal incraaaaa «dth tha ineraaaa in 
I^ of tl^ solution on Sn( XV} araanophoaphata but not 
||Mgi[[<|y. HOHavar, for Ht^ thaaa two ion axchangara ahow a 
naarly llnaar bahaviour of K^ valuaa againat ^loglHCl]* 
%* and Ca* alto ahow linaarity in tha variation of thair 
K4 valuaa a^ainat tha mo^ eoneantration aa illuatratad 
in figura*30. Ho$«avar» tha alopa of thaaa curvaa dooa not 
liu 
eot,g99p(md to 1 (ch«r0* on th» nt ta i io i i ) t i t i s last, 
7hi» eoMld b» b»e«u$9 of t h * •isultantout atfterption 
of snioa on thd matox^ial. 
ft### 
Hi 
T ^ l « •Wit ^•|>a»«tlofis of nwtal tons •chi«¥«4i • • » l i « r 
on various ion •itehtA9« raaiAsi 
saparattd 
Cxchangov 











•400 (Ot^ l) 
ODE (Cl) 
Dowa« 1 (CNO) 
Anion •xehan^av 
Oo«iit« SO (B) 
AiA>arilt« xe 
Dowax I (!ID^) 
Awb^tiiU^ m-^t^ 
(H) 
Oowax I (€0^) 





74SS C^^OH-0.313 HClf^i|4qC 
CgH^  oH-0. m ml icuf 0, cc^i 
HCl f £0 
iSM iClt»i tC*53 ICltFatCOS 
20^ HCl (80%) I mU HgOl Co 
91 Ht i t Kti 0.5!^! ^a:^l co 
IC^KCNitMll 20|S tCl t Co 
BB ttJO^I v^ff.yj 4M HCl I Ca 
C,9^; tCliHgi4M fr i tCd,Zn atc, 
cm HCi t ^ a«K 
8M HMOjt U| C.288 ffiO^J Tb 
Hi HTlt Uj ail HgSO l^ Tb 
C.4M H2!:^^(50®)»1li|i.»M HgSS)^ **! 
c a n HMOj^ l^f CH3OHSV1IM It^^lTh 
lOH HCljThi cm HCl J u 
Aeatata Iniffar (pH.5)tU|4Si! 
HClt th 
1% oxalic acid« NH40H(pK 2«ft)| 
Cu,Ni» ato; 0,4M HCltU.Zri 
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